An adenovirus (Ad) interserotypic recombinant (H2cytl41) between temperaturesensitive mutant H2tsl 11 of Ad2 and deletion mutant H5d1313 of Ad5 was isolated and characterized. It was phenotypically ts +, dl ÷, hr + and formed large plaques (or cytocidal: cyt). It contained the right 89 % of Ad5 DNA and the leftmost 11% of Ad2 DNA. Genetic recombination data suggested the cytocidal mutation lay in the transforming region E1B, confirming sequence analysis. The cytocidal effect resulted in part from the breakdown of cellular DNA. Host cell and virus DNA breakdown induced by H2cytl41 appeared cell-dependent: it occurred in HeLa, KB or BHK-21 cells, but not in CV1 or 293 cells. In human cells the cyt effect was recessive and adenovirus DNA degradation was prevented by co-infection with adenovirus wildtype (H2WT), other adenovirus serotypes or simian virus 40 (SV40). In simian cells, H2cytl41 did not inhibit SV40 DNA replication, unlike H2WT. The amount of H2cytl41 DNA integrated in human cell DNA at early stages of the lytic cycle was found to be significantly lower than for H2WT. Novobiocin inhibited viral DNA breakdown in human cells. Cellular DNA extracted from H2cytl41-infected cells exhibited a repeat band pattern in gel electrophoresis reminiscent of the nuclease digestion pattern of chromatin, with monosome-size fragments as the digestion limit. The H2cyt141-induced nucleolytic effect would therefore occur in the linker regions of cell DNA and might result from the observed stimulation (by a factor of greater than 100) of an acidic (optimum pH 4.0) endonuclease activity. The nucleolytic effect also appeared to be recessive in vitro and absent in mixed samples containing extracts from H2cyt141-infected cells plus extracts from H2WT-or mock-infected cells. The virus gene product responsible for the enhancement of the acidic endonuclease was found to function stoichiometrically and not catalytically. The cytocidal and nucleolytic effects of the viral E1B region 19K protein may be mediated by a cellular inhibitor of acidic endonuclease.
INTRODUCTION
At early stage of the adenovirus (Ad) infectious cycle, five regions of the genome, referred to as E1A, E1B, E2, E3 and E4, are transcribed, each one from a separate promoter. A gene product of E 1 A, translated from a 13S mRNA transcript, controls the expression of all the other early gene blocks (Carlock & Jones, 1981 ; Ricciardi et al., 1981) . The transforming region of adenovirus is composed of the two transcriptional units, E1A and E1B. In vitro translation of mRNAs from E1A and E1B shows that E1A codes for polypeptides ranging from 28K to 50K (Esche et al., 1980; Lewis et al., 1976; Harter & Lewis, 1978) . The E1B region codes for two polypeptide species of 53K and 19K (Esche et al., 1980; Halbert et al., 1979) . These proteins are distinct: they have different peptide patterns (Brackmann et al., 1980) and are transcribed from distinct open reading frames (Bos et al., 1981 ; Gingeras et al., 1982) . Evidence has accumulated that the E1B region is involved in both tumourigenicity and cytocidal effect.
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Cytocidal (cyt) mutants have been isolated from Ad 12 (Takemori et al,, 1968 ) and large plaque (lp)-forming mutants from Ad2 (Chinnadurai et al., 1979) . All but one of these mutants (H21p3; White et al., 1984) induce DNA degradation (Ezoe et al., 1981) and hence have the deg phenotype and an extensive cytolytic effect which causes large plaque formation (Takemori et al., 1968) . The cytocidal effect was usually not dominant and was complemented by co-infection with adenovirus wild-type (D'Halluin et al., 1979; White et al., 1984) . The cyt mutation has been found to affect functions encoded by the transforming early gene block E1B (Lai-Fatt & Mak, 1982; Mak & Mak, 1983; Chinnadurai, 1983; White et al., 1984; Pilder et al., 1984) .
H2tsl 11 has been characterized as a double mutant with a temperature-sensitive (ts) mutation lying in the E2A region encoding the 72K DNA-binding protein, and a recessive, cytocidal and large plaque-forming mutation located in the left-hand end of the adenovirus genome Stillman et al., 1984) . Interserotypic recombination between human adenoviruses H2tsl 11 and H5d1313 yielded a set of ts +, dl +, hr ÷ and cyt (deg) recombinants. One of them, H2cytl41, contained the right 89~ of the Ad5 DNA and the leftmost t 1 ~ of the Ad2 genome carrying the cyt mutation. DNA sequencing identified the mutated nucleotide in the EIB 19K protein (White et al., 1984) . Several other mutants with lp and deg phenotypes have also been sequenced and found to be mutated in the E 1B 19K gene (Chinnadurai, 1983; White et aL, 1984; Pilder et al., 1984) .
The aim of the present study was to analyse the mechanism of viral and cellular DNA degradation induced by the cytocidal, large plaque-forming mutant H2cytl41, and the possible implication of the cyt function in the integration of viral DNA in the host cell genome.
METHODS

Ceils and viruses.
Monolayers of HeLa, CV1, and BHK-21 cells were grown in Dulbecco's medium supplemented with 5~ newborn calf serum. The 293 cell line, obtained from F. Graham (Graham et al., 1974 , was grown in Dulbecco's medium supplemented with 10~ foetal calf serum. Human adenovirus type 2 wild-type (H2WT) was originally obtained from J. Williams and serotype 3 from R. Marusyk. Temperaturesensitive mutants H2tsl 11 and H2ts114 were isolated in our laboratory (Martin et aL, 1978) . Mutant H5ts125 (Ensinger & Ginsberg, 1972) was obtained from W. C. Russell, and deletion mutants H5dl313 and H5d/312 (Jones & Shenk, 1978) from T. Shenk. The interserotypic recombinants Q2 and Q3 obtained in crosses between H2tsl 11 and H5dl313 were described previously . Adenovirus stocks were prepared and titrated by fluorescent focus assay (as f.f.u.) as previously described (D'Halluin et al., 1979) . Simian virus 40 (SV40; originally obtained from M. Girard) was propagated in CV 1 cells at a m.o.i, of 0.01 p.f.u./cell, and titrated by plaque assay in CV1 cells.
Labelling and analysis of viral DNA from infected cells. Virus-infected cell monolayers in 60 mm dishes were labelled with [3H]thymidine (20 gCi/ml) for periods of time ranging from 1 to 4 h. Cells were scraped off and pelleted, washed once with phosphate-buffered saline (PBS) and resuspended in an equal volume of 0.01 M-Tris-HC1 pH 7-5, containing 0.001 M-sodium EDTA. The suspension was lysed on top of an alkaline sucrose gradient (5 to 20~), and DNA was analysed by centrifugation at 35000 r.p.m, for 5 h at 4°C (D'Halluin et al., 1979) . Adenovirus DNA sediments at 34S and SV40 DNA at 50S in alkaline conditions. In some experiments, the size of DNA or of DNA fragments was determined in a 1 to 2.5% agarose gel, after direct lysis of the cell sample in the well by addition of SDS to a final concentration of 2~.
Assays for cellular deoxyribonucleases Preparation of cellular extracts. Cell extracts were prepared as described by Reif et al. (1977b) . In brief, KB cells were infected by H2WT, H2tsl 11, or interserotypic recombinant Q2, i.e. H2cytl41, at a m.o.i, of 10 f.f.u./cell. At 40 h post-infection, the cells were washed three times in PBS to eliminate possible contaminating serum nucleases, and resuspended in an equal volume of 0.05 M-sodium phosphate pH 6.5, then sonicated for 3 min at 0 °C. The cell homogenate was centrifuged at 3000 g for t5 rain at 4°C. The supernatant was subjected to ultracentrifugation in an SW41 rotor at 40000 r.p.m, for 30 rain at 4 °C. This supernatant fraction was used for subsequent analyses.
Endonuclease activities. All assays were performed in a final volume of 50 gl and contained 2 ktg of pBR322 DNA and 30 Ixl of cell extract. Acidic endonuclease was assayed in 0.1 M-NaC1, 0.01 M-sodium acetate pH 4.0, 0.002 M-MgCI2. Neutral endonuclease was assayed in 0.1 M-NaCI, 0.01 M-Tris-HC1 pH 7.2, 0-004 M-MgC12. The reaction was incubated at 37 °C for 30 min and stopped by addition of sodium EDTA and SDS to 0-01 M and 0.05~, respectively. The digestion products were analysed by agarose gel electrophoresis. Hybridization tests. The fractions from an alkaline sucrose gradient were neutralized, dialysed against 0.01 MTris-HCl pH 8.0, 0.001 M-sodium EDTA, and hybridized against filters containing 3 p.g adenovirus DNA or 50 ~tg cellular DNA in 6 x SSC, 0.1% SDS, for 24 h at 66 °C. Non-specific trapping was minimized by extensive rinsing with 0.003 M-Tris HC1 pH 9.0. The filters were air-dried and the percentage of label hybridized was determined by scintillation counting. When DNA was analysed by gel electrophoresis, the agarose gel was blotted onto a nitrocellulose sheet (Southern, 1975) and the adenovirus DNA sequences were detected with a viral DNA probe labelled with 32p by nick translation (Rigby et aL, 1977) .
RESULTS
Host dependence of the cytocidal function in H2tsl l l and H2cyt141 recombinant
H2tslll has been recently characterized as a double mutant with a DNA-negative (temperature-dependent) and DNA-degradation phenotype . The effect of the ts mutation was exhibited at 39.5°C by the absence of a 34S viral DNA peak in an alkaline sucrose gradient. The cyt (or deg) phenotype was determined by analysis of cellular and viral DNA breakdown, and detected by the presence of fragments smaller than 10S in the alkaline sucrose gradient. The data reported below suggested that the degradation of cellular and viral DNA after H2tsl 11 infection was cell-dependent. Preliminary data were obtained with H2tslll before its complete characterization and mapping. After determination of the double mutation, the experiments were performed with interserotypic recombinant Q2 obtained in crosses between deletion mutant H5d1313 and H2tsl 11 . This recombinant is a single-site mutant carrying the cyt mutation in the leftmost 11% of the serotype 2 DNA and contains the right 89~o of the wild-type Ad5 DNA . To fit our block of numbers (H2 tsl01 to ts200; Martin et al., 1978) , this ts+cyt recombinant is referred to as H2eytl41.
Cell DNA breakdown cells was slightly degraded at 39.5 °C, but to a greater extent at the permissive temperature (33 °C). The effect was more pronounced when the culture was transferred from 33 to 39-5 °C (Table 1) . By contrast, the DNA from H2tslll-infected CV1 cells remained in a macromolecular form. Hamster cell DNA was cleaved into small fragments ranging in sedimentation coefficient between 4S and 10S at either 33 or 39.5 °C (Table 1) . Like H2tsl 11, H2cytl41 had no detectable effect on CV1 cell DNA (Table 1 ). The temperature-sensitive phenotype of H2tsl 11 with respect to cellular DNA degradation in HeLa cells might result from the absence of a negative control by the mutated ts E2A gene product of the E 1B region (Carter & Blanton, 1978; Babich & Nevins, 1981) .
Viral DNA breakdown
CV1 and BHK-21 cells permit H2 DNA replication with the same efficiency as HeLa cells (Shimojo & Yamashita, 1968; Delsert & D'Halluin, 1984 40 h after infection. The label was chased with cold thymidine for 5 h at 39.5 °C, or for 16 h at 33 °C. Viral DNA was analysed in an alkaline sucrose gradient. As shown in Fig. 1 and Table 1 , H2tsl 11 DNA remained intact in HeLa cells at the permissive temperature, and in CV1 cells at both permissive and non-permissive temperature; it was degraded in BHK-21 cells at both 33 and 39.5 °C. H2cytl41 was found to be temperature-insensitive for cell DNA degradation in HeLa, CV1 and BHK-21 cells (Table 1) . H2cytl41 therefore showed the same host-range phenotype for cellular and viral DNA breakdown as H2tsl 11. The nucleolytic effect was found to be temperature-insensitive in any cell type and to occur at a similar level at 33 and 39.5 °C ( Table 1) .
Complementation of the H2cytl41 cytocidal efJect by various human adenovirus serotypes in human cells
It has been shown that the cytocidal effect of adenovirus is recessive and can be complemented in vivo by co-infection with H2WT or other H2 ts mutants (D'Halluin et al., 1979; White et al., 1984; Subramanian et al., 1984) . A phenomenon of trans-dominance between adenovirus serotypes has been reported recently, with a hierarchy of dominance in the order H3 > H9 > H4 > H 12 > H2,H5 (Delsert & D'Halluin, 1984) . The recessiveness of the cytocidal function of H2cytl41 was analysed by co-infection of HeLa cells with H2cytl41 and H3, H9, H4, H12 and H2 wild-types (10 f.f.u, each per cell). The cell cultures were maintained at 37 °C for 24 h, and the integrity of cellular and viral DNAs was analysed in agarose gel, as described in Methods. Cell DNA was degraded in cells singly infected with H2cytl41, and remained in a macromolecular form in cells doubly infected with wild-type H2, H4 or H9 (Table 2) . A significant amount of cell DNA degradation occurred in cells singly infected with H3 and H12, and no complementation of the DNA breakdown effect could therefore be shown with these two serotypes. The mutated protein in H2cytl41 was therefore complemented by adenovirus serotypes belonging to subgroups C, D and E (Table 2) . Several hypotheses might explain these data. (i) There was no type-specificity for the E1B 19K protein, at least for its function in the maintenance of cellular and viral DNA integrity; (ii) the trans-dominating members of subgroups B, D, E and A on H2cytl41 exerted a negative control on the expression of the mutated E1B region of H2cytl41, either directly, or indirectly via the E1A region. These two hypotheses are not mutually exclusive.
Complementation of the adenovirus-induced cytocidal effect by SV40 in human cells
SV40 does not replicate in human cells but does express some early functions, particularly the T-antigens. In order to determine whether the SV40 early gene products could complementthe cytocidal mutation of H2cytl41, HeLa cells maintained at 37 °C were infected with SV40, then superinfected with H2cytl41 at 24 h after SV40 inoculation. The cell cultures were pulse-labelled with [3H]thymidine for 1 h at 16 h after adenovirus infection (40 h after infection with SV40), and the label was chased for 6 h. The adenovirus and SV40 DNAs were analysed in an alkaline sucrose gradient (Fig. 2) . In HeLa cells singly infected with H2cytl41 there was no detectable label in the 34S zone (Fig. 2a) , whereas in cells doubly infected with H2cytl41 and SV40, a peak of 34S adenovirus DNA was visible (Fig. 2b) . SV40 early functions were therefore capable of complementing the adenovirus cytocidal mutation in human cells. 
Double injection Of simian cells by SV40 and different adenovirus mutants
The simian cell line CV1 is fully permissive for SV40. These cells, however, are nonpermissive for wild-type human adenoviruses, although their DNA is replicated almost as efficiently as in human cells (Delsert & D'Halluin, 1984) . Superinfection of SV40-infected CV1 cells with H2WT results in a strong inhibition of SV40 DNA replication (Patch et al., 1981; Friedman et al., 1970; Goldman et al., 1981 ; van Roy & Fiers, 1978 ; and Fig. 3 b) . The inhibition of DNA replication neither occurred with H2cytl41 (Fig. 3c) , nor with the deletion mutant H5d/313 (Fig. 3d) . Since the cyt mutation has been mapped to the early 1B region, which is deleted in H5d/313, these results suggested that product(s) encoded by the adenovirus E 1B gene block were involved in the inhibition of SV40 replication.
As a control, CV 1 cells were infected with SV40, then superinfected at 39.5 °C with one of the two adenovirus DNA-defective mutants, HSts125 and H2ts114. H5ts125 is altered in the 72K DNA-binding protein (van der Vliet et al., 1975) , and H2ts114 belongs to the N-group, defined by H5ts36 (Frost & Williams, 1978; Galos et al., 1979) . For both types of DNA-negative ts mutants, there was a net inhibition of SV40 DNA replicative synthesis (Fig. 3 e,f) . The residual level of adenovirus DNA synthesis was due to the leakiness of the H2ts114 mutation (Martin et al., 1978) , or to a certain degree of complementation of the H5ts125 mutation by SV40 in monkey cells (Rabek et al., 1981) . The phenomenon of inhibition of SV40 replication by superinfecting adenovirus was thus not related to the overall process of adenovirus replication, nor to the blocks of early genes E2A and E2B.
Lack of integration of H2cytl41 DNA in the host cell genome
It has been shown that a minor but significant portion of adenovirus DNA integrates into cellular DNA at early stages of the lytic cycle (Schick et al., 1976) . The amount of the integrated form of H2cytl41 DNA was c_ompared with that of H2WT. H2WT-and H2cytl41-infected HeLa cells were labelled with [3H]thymidine for 2 h at 6 h after infection. The cellular DNA was extracted and analysed in alkaline sucrose gradients. Three zones were arbitrarily separated and the corresponding fractions pooled : (i) the high tool. wt. material sedimenting with an apparent sedimentation coefficient of greater than 100S; (ii) DNA sedimenting between 40S and 100S; (iii) DNA sedimenting in the 34S zone, i.e. with the apparent sedimentation coefficient of intact viral DNA. The labelled DNA material from each of these three zones was then hybridized on filters with immobilized cellular or viral DNA. As shown in Table 3 , about 4~ of the H2WT DNA sedimented as macromolecules larger than 100S, whereas only 0. 1879 the non-permissive temperature (Schick & Doerfter, 1979) . The defect in integration of viral DNA into the cellular DNA shown by H2cytl41 seemed therefore not to be related to viral DNA replication" DNA integration and replication appeared to be separate processes.
Inhibition of H2cytl41 DNA breakdown by novobiocin
We have shown that novobiocin, an inhibitor of DNA topoisomerase II, prevents both decrease of viral DNA breakdown compared to the culture chased in the absence of the inhibitor (Fig. 4) . The inhibition of H20't141 DNA breakdown by novobiocin was probably not due to its inhibiting effect on viral DNA synthesis, since hydroxyurea and cytosine arabinoside do not prevent DNA degradation under the same conditions of infection with H2cytl41 or H2tslll (D'Halluin et al., 1979) . The effect of novobiocin on H20,tl41-induced DNA degradation seemed therefore to be independent of the DNA replication process. (Fig. 5 b) . Submonomer species were visible in trace amounts, confirming previous observations (Brown & Weber, 1980) . The cleavage of D N A induced by H2cyt 141 would therefore occur preferentially in the D N A linkers of the cellular chromatin. The absence of viral sequences in the nucleosome bands confirmed that the adenovirus genome is not organized in a chromatin-like structure at late times after infection (Daniell et aL, 1981 ; Brown & Weber, 1980) , in contrast to early stages (Sergeant et al., 1979; Tate & Philipson, 1979) . Discrete fragments of degraded D N A have been observed in Southern blots of H5d1337 (which has a deletion in the E1B 19K gene) in hybridization with adenovirus probes (Pilder et al., 1984) , but the fragments did not migrate as nucleosome oligomers and the blots do not suggest a repeat pattern (Pilder et al., 1984) .
Nature q]cell DNA degradation in eytocidat mutant-injected HeLa cells H e L a cells were infected with H2cytl41 a n d h a r v e s t e d at 40 h after infection. T h e bulk of cell D N A was analysed in a 2~ agarose gel a n d visualized by e t h i d i u m b r o m i d e t r e a t m e n t . t t 2 c y t l 4 1 -i n f e c t e d cell D N A showed a repeat p a t t e r n of b a n d s c o -m i g r a t i n g w i t h the f r a g m e n t s of a micrococcal digest of m o c k -i n f e c t e d cell c h r o m a t i n (Fig. 5a). Blot h y b r i d i z a t i o n of gel J. C. D'HALLUIN AND OTHERS (a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l) (m)
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Nuclease activities in H2cyt141-infected HeLa cells
Two major distinct endonuclease activities have been identified and characterized in extracts from adenovirus-and mock-infected HeLa cells, distinguishable on the basis of their optimal pH (pH0) : one is active at pH 4.0, the other one at pH 7.2 (Reif et al., 1977a, b; Tsang & Marusyk, 1980) . The endonuclease activity in H2WT-, H2cytl41-and mock-infected HeLa cells was assayed at both pH values. Supercoiled D N A from plasmid pBR322 was used as substrate. As shown in Table 4 , there were no significant differences in pH 7 endonuclease specific activity of the three extracts. By contrast, the pH 4 endonuclease appeared to be greatly stimulated in the H2cytl41 extract by a factor of over 100 in terms of specific activity (Fig. 6, Table 4 ). The nonspecific endo-and exonuclease activities degrading linear duplex D N A to soluble deoxyribo- 
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* The enzyme activity is expressed as arbitrary units (AU). One AU was defined as the amount of enzyme that causes a single-strand nick in form I of pBR322 DNA, in 30 min at 37 °C. Figures in parentheses represent the specific activities, calculated from AU relative to the protein content of the sample (~tg).
l" Total non-specific endonuclease and exonuclease activities were assayed using 32p-labelled Ad2 DNA duplex as substrate. Results are expressed as percent of acid-soluble radioactivity, and specific activities (in parentheses) are ratios of c.p.m, to protein content of the sample (Ixg). from cell extracts were mixed and incubated as indicated in Methods. t Cell extracts were treated with 0.05 mg/ml proteinase K for 30 min at 37 °C, and assayed for pH 4.0 endonuclease activity.
:~ One enzyme unit has been defined in the footnote (*) to Table 4. nucleotide material were at the same level in all extracts (Table 4 ). The cytocidal function of H2cytl41 seemed therefore to affect specifically one class of cellular endonucleolytic activity, i.e. the acidic endonuclease active at pH 4. The pH 4 endonuclease activity changed as a function of the time-course of infection. Its specific activity increased fivefold at 4 h, eight-to 10-fold at 6 h after infection, and reached a plateau after 8 h, at approx. 100-fold the level in mock-infected cells. The increased activity of this endonuclease might result from a number of different mechanisms: (i) a cooperative effect of a mutated product of the E1B gene block with a cellular acidic endonuclease; (ii) a loss of a protective role on viral and cellular DNAs normally played by a viral protein altered by the cyt mutation; (iii) a modification, induced by the cyt-mutated viral gene product, of some cellular inhibitor(s) of acidic endonuclease, resulting in an apparent increase of its activity. These different hypotheses were tested in the following experiments.
Complementation of the H2cyt141-induced nuclease stimulation effect in vitro
H2cytl41-infected HeLa cell extracts were incubated with extracts from H2WT-or mockinfected cells for 30 min at 37 °C. The pH 4 endonuclease activity was assayed in the different samples. The results, summarized in Table 5 , indicated that the H2cyt 141-induced enhancement of pH 4 endonuclease was recessive, and was complemented by either H2WT-or mock-infected cell extract: the pH 4 endonuclease activity was at the same level in mixed samples as in single extracts of H2WT-or mock-infected cells.
When H2WT-or mock-infected cell extracts were treated with protease, a net stimulation of the acidic endonuclease was observed, and an inactivation of the neutral endonuclease (Reif et al., 1977b) . H2WT-, H2cytl41-and mock-infected cell extracts were treated with proteinase K (0-05 mg/ml, for 30 min at 37 °C) and tested for pH 4 endonuclease activity. As expected, the specific activity increased significantly in H2WT-and mock-infected cell samples (Table 5 ). In the H2eytl41 sample, enhancement of the pH 4 endonuclease activity was even more pronounced than in the other proteinase-treated samples (Table 5 ). This suggested that some cell nuclease inhibitor was destroyed by proteolysis (Reif et al., 1977a, b) , and that this inhibitor was present in much lower amounts, at least in terms of its active form, in the H2cytl41-infected cell extract.
Mechanism of the H2cyt l 41-induced stimulation of p H 4 endonuclease : catalytic or stoichiometric
HeLa cells were infected with H2WT at a constant input multiplicity (1 f.f.u./cell), and coinfected with increasing multiplicities of infection of H2cyt 141, ranging from 0.5 to 50 f.f.u./cell. The cells were harvested at 40 h after infection and the cellular DNA was analysed by electrophoresis in an ethidium bromide-impregnated agarose gel. DNA breakdown estimated by gel scanning increased with the H2cytl41 m.o.i., suggesting a stoichiometric rather than a catalytic effect for the cyt function (Table 6 ). This result confirmed the multiplicity-dependence of DNA degradation induced by H2tsl 11 in human cells (D'Halluin et al., 1979; Stillman et al., 1984) . DISCUSSION An interserotypic dl+ ts + recombinant between the deletion mutant H5d1313 (Jones & Shenk, 1978) and the temperature-sensitive H2ts111 (Martin et al., 1978) containing the right 89~ of the H5 and the leftmost 11 ~ of the H2 genome , was used to characterize an adenovirus cytocidal function. The recombinant, termed H2cyt141, was found to be phenotypically large plaque (lp)-forming or cytocidal (cyt), and to induce degradation (deg phenotype; Stillman et al., 1984) of cellular and viral DNAs . The cyt mutation has been mapped in the E1B gene block, between 3.8 and 11.0 map units D'Halluin et al., 1984) . Sequence analysis has recently shown that the change responsible for the eyt mutation is a single G to A transition at nucleotide no. 1769 (White et al., 1984) ; the 20th amino acid from the N end of the E 1B 19K protein changes from a serine to an asparagine (White et al., 1984) .
The cell and viral DNA breakdown induced by H2cyt141 was found to be temperatureinsensitive, whereas this effect was dependent on the temperature and temperature-shift in H2tsl 11-infected cells (D'Halluin et al., 1979) : DNA degradation was more pronounced when the viral cycle was allowed to proceed for 24 h at 33 °C before shift-up to 39.5 °C ( Adenovirus and host endonuclease 1885 degradation of adenovirus DNA was prevented by prior infection with SV40. Superinfection of SV40-infected simian CVI cells with human adenovirus wild-type resulted in a strong inhibition of SV40 DNA replication, a phenomenon not observed in superinfection with H2eytl41, or with H5d/313. This suggested that product(s) encoded by the E1B region of the adenovirus genome might be involved in the inhibition of SV40 replication (Fig. 3) . The H2cytl41-induced cytocidal effect on HeLa cells was recessive and could be complemented in vivo by co-infection of H2eytl41-infected cells with H2WT, other H2 ts mutants (D'Halluin et al., 1979) , or the trans-dominant serotypes H4 and H9 (Delsert & D'Halluin, 1984) . The mutated H2eytl41 E1B 19K protein might therefore be complemented by homotypic and heterotypic gene products. In an alternative hypothesis, the trans-dominating serotypes could exert a negative control on the E1A/EIB regions of H2cytl41, resulting in the absence of expression of the mutated E1B 19K gene.
The amount of H2cyt141 DNA sequences integrated in the host cell genome at early stages of lytic infection appeared to be significantly lower than for H2WT (Table 3) . Novobiocin inhibited viral DNA breakdown in HeLa cells. All these data suggested that the cytocidal function of H2cytl41 might involve some alteration of the mechanisms by which adenovirus DNA integrates into the cell genome. The DNA isolated from H2eytl41-infected cells at late times of infection showed a repeat pattern of DNA fragments, reminiscent of the micrococcal nuclease digestion pattern of cellular chromatin. The monosome-and polynucleosome-like bands contained no detectable viral DNA sequences (Fig. 5) . A viral DNA probe revealed only traces of submonomeric species, confirming previously published observations (Daniell et al., 1981; Brown & Weber, 1980) .
The cell DNA breakdown seemed therefore to occur preferentially in the linker regions of cellular chromatin, and to result from the enhancement of a previously identified pH 4 endonuclease activity (Reif et al., 1977 a, b; Padmanabhan et al., 1979; Tsang & Marusyk, 1980) . The H2cytl41-induced stimulation of cellular pH 4 endonuclease was recessive, and was abolished in vitro by adding H2WT-or mock-infected cell extracts to H2cytl41-infected cell samples (Table 5 ). The cyt mutation seems therefore to affect a virus gene product acting on a cellular inhibitor of pH 4 endonuclease, rendering it inactive and thereby inducing an apparent stimulation of the endonuclease activity. The virus gene product involved would function stoichiometrically and not catalytically (Table 6 ).
The function of E 1B 19K tumour antigen in infected cells is still not resolved. At intermediate times post-infection, approximately 50~ of E1B 19K protein is found in a nuclear fraction (Persson et al., 1982) . The nuclear population of 19K might play a role in the protection of viral and cellular DNA during adenovirus infection, via inhibition of endonucleolytic cleavage. The interaction of the adenovirus E1B 19K with cellular endonuclease(s) or/and endonuclease inhibitor(s) would be a new function for this early protein, possibly related to the process of viral integration in the cellular genome. A pH 4 endonuclease inhibitor is now being isolated from KB cells and characterized.
